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CHAPTER: 1
INTRODUCTION
ncreased industrilisation, urbanisation, population growth and over all
man’s greed to over exploit mother nature has created a serious threat to
all kinds of life
now become a global problem
affected as the large amount of wastes from the industries, pesticides
and other organochemicals and fertilizers being used in agricultural field
make their way easily into water bodies through run off and result in
pollution of water. Among all the types of pollution, aquatic pollution is of
greater concern as each and every kind of life depends on water. And
among all the types of aquatic pollut
contaminate the natural ecosystems and are released into
from industrial and other man made activities (Velez and Montoro, 1998;
Conacher et al, 1993). Among these sources, industrial wastes constitute
I
both in aquatic and terrestrial environment. This
and the aquatic systems are greatly
ants, heavy metals extensively
the water bodies
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has
s
the major source of metal pollution in natural waters (Livingstone, 2001).
These heavy metal pollutants are of greatest conce
deterioration of life sustaining qualtiy of water and cause
flora and fauna (Nriagu and Sprague,
Kotsanis, 2001; Llip
2005; Sharma and Agarwal,
have devastating effects on ecological balance of the recepient
environment and a diversity of aquatic organisms (Forombi
Vosyliene and Jankaite, 2006; Ashraj, 2005). Being intrinsic components
of the earth’s crust, nature has not provided effective control mechanisms
for these metals. The problem increases many folds due to their long half
life period and properties of
biomagnification (Burman and Lal, 1994; Sa
Lodhi et al, 2006).
physiological and structural systems when present in high concentration in
milieu. Heavy metals may effect organisms directly by accumulating in
their body or indirectly by transferring to next trophic level of the food
chain. Hence these pollutants cause serious damage to aquatic life
(Karbassi et al, 2006; Al Masri, 2002). A large part of these elements exert
their toxic effect by generating reactive oxygen species
oxidative stress. Most of the heavy metal ions are toxic or carcinogenic in
nature and pose a threat to human health and the environment (Damien
al, 2004; Forambi et al
Cadmium is a non-essential heavy metal, however it is consi
of the most toxic water contaminants and could cause toxicity at each
level in organisms, from populations and communities to cell elements
(Rashed et al, 2001). Even at sub lethal concentrations, cadmium has a
cumulative polluting effect and
rn because
damages to both
1987; Nriagu,1996;
oulou-Georguadaki and Kotsanis, 2001;
2005). Heavy metal contamination may also
non- biodegradablity, bioaccumu
nders, 1997; Pitter, 1999;
They cause serious impairment in metabolic,
, 2007).
could cause serious disturbances in fish
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they cause
Mason,1996;
Verma et al,
et al, 2007;
lation and
(ROS), causing
et
dered as one
metabolism such as abnormal behaviour, locomotor anomalies or anorexia
(Woo et al,1994; Bryan
may also effect blood cells (Witeska,
Lead that has long been known
inhibiting the activities of several enzymes involved in heme biosynthesis.
Once absorbed it is distributed particularly to liver, kidney, heart and male
gonads as well as it affect the immune system (ATS
Mercury, which is one of the hazardous environmental pollutants tends to
concentrate in various organisms including fish due to reduced bio
degredation of its derivatives. The different industrial effluents release
inorganic mercuric compounds like mercuric
transferred to fish as feed and in this way enter the food chain. Hence these
heavy metals are toxic to fishes as they accumulate in various organs of
fish and also cause changes in various haematological indices of fish.
Among animal species, fishes are the inhabitants that cannot escape from
the detrimental effects of these pollutants (Olaifa
1998; Dickman and Leung, 1998). It is found that heavy metals may alter
the physiological activities and biochemical param
well as in blood (Basa and Rani, 2003; Canli, 1995; Tort and Torres,
1988).
Haematological indices are very important parameters for the evaluation of
fish physiological status. Their changes depend on fish species, age, the
cycle of sexual maturity of spawners and diseases (Luskova, 1997;
Golovina, Trombicky, 1989; Golovina, 1996; Zhiteneva
in warm blooded animals, chages in blood parameters of fish which occur
because of injuries or infections of some tissues o
et al, 1995; Cicik and Engin, 2005). Cadmium
1998).
to alter the haematological system by
DR, 2005).
chloride which are
et al, 2004; Clarkson,
eters both in tissues as
et al
r organs, can be used to
Introduction
3
-
, 1989). Like
determine and confirm the dysfunction and injuries of the latter ( organs or
tissues). However in fish, these parameters are more related to the response
of whole organism i.e to the effect on fish survival, reproduction and
growth. It should be noted that although the mechanisms of fish
physiological and biochemical reactions to
thoroughly investigated, it is obivious that species differences of these
mechanisms exist. Thus a significant number of data on
haematological indices of a particular fish under influence of
environmental factors (
conclusions can be applied to other fish species only with much care
Folmar, 1993). On the ba
indices reflect the effect of some substances on the organism (e.g changes
in the blood serum cholinesterase under the influence of insecticides or
changes in met-haemoglobin under the influence of nitrites)
determined, however, the complex of unspecified biochemical indicators
of blood reveals more fully the general effect of pollutants on the fish and
makes possible to forecast the consequences of long term exposure to
chemical pollutants. Most sc
data on the effect of the metals on the haematological indices of fish.
From the available literatu
present in external environment has direct effect on haematolog
Though much work has been done to trace out the effects of heavy metals
on various fishes, but less attention has been paid to some fishes of
Kashmir like Common carp (
industries due to which this need does no
proposed study can be carried out on
carp inhabiting various water bodies of Kashmir. The study is carried
under controlled or captive conditions. The study is very important in
xenobiotics has not been
chemicals as well), which allows us to draw certain
sis of studies on warm blooded animals, specific
ientific works have been done which present
re, it is found that the exposure of heavy metals
Cyprinus carpio) because of lack of
t arise. Hence the present
Cyprinus carpio commonly called as
Introduction
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the changes of
various
(
have been
y of fish.
improving our knowledge of metal regulation in fish so as to allow us to
more accurately determine the acceptable concentration of metals in
natural waters and therefore improve stewardship of aquatic environment.
In the longer term results may also provide important info
decision regarding the potential safety of fish in the diet of man.
Introduction
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rmation to aid
CHAPTER: 2
REVIEW OF LITERATURE
he first work on haematology of Indian fish was perhaps published by
Dhar (1948). It was a prelim
erythrocyte and leucocyte counts, clotting time etc. in an air breathing fish
Ophiocephalus punctatus.
Das (1958) reported the haematological parameters from three Indian
major carps viz, Labeo rohita, Catla catla
Houston and De Wilde
carpio and Salvelinus
values should be used as general indicator of haematological status in
routine examination.
T
Review of Literature
inary work on the morphology of corpuscles,
and Cirrhinus mrigala.
(1968) in a study on Salmo giardnerii, Cyprinus
fontialis (brook trout) suggested that haematocrit
6
Galineo (1969) estimated the haemoglobin content in 53 species of fresh
water and marine fishes. In the same year Khan and Qayyum reported the
differential blood cell counts in four species of air breathing fishes.
Park and Lee (1972) observed effects of
levels of several fresh water fishes.
Svobodova (1975) reported a significant increase of mean c
volume (MCV) associated with increment of Packed cell volume(PCV)
value and drop of Mean corpuscular haemoglobin
while studying the changes in blood picture of carp intoxicated with
organophosphate pesticides.
Sephar (1976) studied on cadmium and zinc toxicity to flag fish
floridae. He concluded
hamper growth and development of body.
Lone and Javaid (1976) studied the effect of sublethal doses of DDT and
dieldrin on the blood of
Panigrahi (1977) found a significant decrease in RBC count, haemoglobin
and haematocrit values i
Christensen et al (1977) carried long term studies and found that changes
in concentration of glucose depended on fish species, concentration of
cadmium and duration of exposure: 1.6 mg/
the concentration of glucose in the blood o
Hodson et al (1978) carried studies on pH induced changes in blood lead
of lead exposed rainbow trout (
Srivastava and Mishra (1979) reported presence of
in the peripheral circulation of fish post exposure to lead.
Review of Literature
copper and salt on haemoglobin
concentration (MCHC)
that these disturb the metabolism of bod
Channa punctatus.
n Anabas testudineus after exposure to mercury.
l of cadmium did not
f Salmon after 2
Salmo giardnerii).
immature erythrocytes
7
orpuscular
Jordanella
y and
increase
week exposure.
Koundinya and Ramamurthi (1979) carried haematological studies in
Sarotherodon (tilapia)
sumithion and sevin.
Mishra and Srivastava (1980) carried studies on acute toxic effects of
copper on blood of a teleost. They found an increase in levels of
haemoglobin and haematocrit concentrations in fish after 96 hr exposure to
3mg/l of copper.
Lock and Van Overbeeke (1981) studied the
on mucus secretion in rainbow trout (
Naidu and Ramamurthi (1983) observed his
teleost – Sarotherodon mossambicus
and reported bulging of gill
Koyama and Ozaki (1984) carried studies on haematological changes of
fish exposed to low concentration of cadmium in water and found a
significant reduction of erythrocytes, haemoglobin, packed cell volume
(PCV), mean corpuscular haemoglobin (MCH) and mean cell volume
(MCV).
Dick and Dixon (1984) established a statistically reliable decrease of
erythrocytes in blood of trout (
0.301mg/l of copper.
Hodson et al (1984) studied lead
potential effects on aquatic biota.
Gill and Pant (1985) worked on erythrocytic and leucocytic responses t
cadmium poisoning in fresh wat
decrease in RBC count, haemoglobin and haematocrit va
Review of Literature
mossambicus exposed to lethal concentration of
effects of mercuric chloride
Salmo giardnerii).
tological changes in gills of a
with reference to mercury toxicity
lamellae at basal and distal parts.
Salmo giardnerii) after 24 hour exposure to
contamination of Great lakes and its
er fish Puntius conchonius
8
o
and showed
lues. The mean
corpuscular haemoglobin
increased (30 days) but mean corpuscular haemoglobin concentration
(MCHC) showed no obvious change.
Goel and Kalpana (1985) reported a decrease in haemoglobin content,
RBC count and PCV values after exposure to zinc in
fossilis.
Van Vuren (1986) studied the effects of toxicants on the haematology of
Labeo umbratus. He reported a significant decrease in
haemoglobin content in fish after exposure to various pollutants.
Banerjee and Verma (1987) investigated the effect of heavy metal
poisoning on the leucocytes of
rise in lymphocyte number in fish exposed to
Joshi (1987) observed conspicuous alterations in several blood values of
fish Clarias batrachus
for 30 days.
Beena and Vishwarajan (1987) reported a significant decline in RBC
count, haematocrit value and haemoglobin content in
following exposure to an acute sublethal concentration of cadmium nitrate
and mercuric chloride (combination) for 90 hour
Bielinska (1987) carried the dielectric haematological studies of detergent
toxicity of fish blood.
Benson et al (1987) studied influence of cadmium exposure on selected
haematological parameters in fresh water teleost
chrysoleucas.
Review of Literature
(MCH) and mean corpuscular vol
Anabas testudineus. They reported marked
mercury.
exposed to sublethal concentration of lead nitrate
Cyprinus carpio
duration.
9
ume (MCV)
Hetropneustes
MCV and
Notemigomus
Tewari et al (1987) studied the impact of chronic lead poisoning on the
haematological and biochemical profiles of a fish
Khan and Gadru (1987) studied some aspects of haematology in fresh
water fish Botia birdi.
except eosinophil have been identified in this species.
Giles (1988) studied the accumulation of cadmium by rainbow trout
(Salmo giardnerii) and investigated the histopathological changes on the
tissues of rainbow trout.
Tort and Torres (1988) studied the sublethal concentration of cadmium on
haematological parameters in dog fish
Ruparelia et al (1989) studied lead induced biochemical changes in fresh
water fish Oreochromis mossambicus
Cyriac et al (1989) determined an increase in haemoglobin and
haematocrit concentration after 24 hour exposure of
mossambicus fish to much lower concentration of copper.
Garg et al (1989) observed an increase in leucocyte count in
fossilis after exposure to mangnese.
Ruparelia et al (1990) studied effect of cadmium on blood of Tilapia
Oreochromis mossambicus
Khillare and Sonwane (1990) observed excess mucus secretion in
gachua after exposure to various concentrations of mercuric chloride and
zinc sulphate for one hour.
Rajan and Banerjee (1991) studied the histopathological changes induced
by acute toxicity of mercuric chloride on the dermis of fresh water cat fish
Hetropneustes fossilis.
Review of Literature
Barbus conchonius.
In this study all the known types of leucocytes
Scyliorhinus caniccula.
.
during prolonged exposure.
10
Oreochromis
Hetropneustes
,
Channa
Palackova et al (1992) reported that 4
carpio to sublethal concentration of cadmium (0.02mg/l) no significant
changes in RBC count, concentration of haemoglobin and percent of
haematocrit was observed.
Ruparelia et al (1992) recorded an increase in mean corpuscular volume
(MCV) and mean haemoglobin concentration (MCH) in blood of fish
Oreochromis when subjected to cadmium.
Allen (1993) studied the effects of acute exposure to cadmium (
and lead (II) chlorid
aurens.
Chandrashekhar and Jayabalan (1993) carried studies on the
haematological responses of the common carp (
to the pesticide endosulphan. The fish responded with significant decrea
in levels of heamoglobin and haematocrit.
Folmar (1993) studied effects of chemical contaminants on blood
chemistry of teleostan fish.
Mukherjee and Sinha (1993) studied the effect of cadmium toxicity on
haematological profile of Indian fresh water fish
chronic exposure to sublethal concentration of cadmium, they noted a
marked decline in haemoglobin content, haematocrit value and erythrocyte
number.
Ghosh and Banerjee (1993) studied the alterations in blood parameters in
the fish Hetropneustes fossilis
Van Vuren et al (1994) studied the effect of copper on blood chemistry of
Clarias gariepinus.
Review of Literature
– 67 day exposure of
e on the haematological profile of
Cyprinus carpio
Labeo rohita
exposed to dimethoate.
11
Cyprinus
II) chloride
Oreochromis
) exposed
se
. After sub-
Mukherjee et al (1994) studied the effect of mercuric chloride and
cadmium chloride on gonadal function and its reg
mature common carp.
Svobodova et al (1994) reported that in acute tests when carp and rainbow
trout yearlings were exposed to c
were established increased levels of RBC count, haemoglobin
concentration and percent of haematocrit.
Witeska and Jezierska (1994) reported that during acute tests (1 hour)
cadmium had no effect on percent of haematocrit and RBC count in the
blood of carp while 1
these parameters.
Tishinova and Ilieva (1994) while evaluating the total effect of zinc and
lead on haematological indices of carp, a synergetic effect of these metals
was found on erythrocytic count, concentration of haemoglobin and
percent of lymphocytes
Dimitrova et al (1994) carried studies on combined effects of zinc and lead
on hepatic superoxide dimutase
Shashtri and Gupta (1994) found haematological alterations in fresh water
fish Channa punctatus
was a marked decrease in haemoglobin concentration, packed cell volume
(PCV) and total RBC count in intoxicated fish.
Alkahem (1994) studied the toxicity of nickel and the effects of sublethal
levels on haematological par
Bryan et al (1995) studied effects of cadmium on foraging behaviour and
growth of juvenile bluegill.
Review of Literature
ulation in sexually
opper concentration close to LC
-3 hour exposure of cadmium increased the levels of
and neutrophils.
-catalase system in carp.
following cadmium exposure for 60 days. There
ameters and behaviour of fish.
12
50, there
Nussey et al (1995) studied the effect of copper on different WBC count
on Oreochromis mossambicus
lymphocytes and eosinophils combined with significant decrease in
monocytes and neutrophils were reported as a result of copper intoxicity.
Singh (1995) observed an increase in leucocyte count of
exposed to copper and chromium.
Svobodova et al (1996) reported lymphopenia and granulocytosis in
common carp (Cyprinus carpio
Khattak and Hafeez (1996) studied the effect of malathion on blood
parameters of fish.
Luskova (1997) reported that haematolo
parameters for the evaluation of fish physiological status. Their changes
depend on fish species, age, the cycle of sexual maturity of spawners and
diseases.
Sampath et al (1998) observed a decrease in haemoglobin content,
count and PCV value in
copper.
William (1999) studied the effect of mercury intoxication on liver and
haematological changes in
Vosyliene (1999 a) carried studies on the effect of heavy metal
haematological parameters of rainbow trout.
Vosyliene (1999 b) carried a survey study on the effect of heavy metals on
the haematological indices of fish and reported that the changes in these
indices and their pecularities depends on the concen
and duration of exposure of fish to them.
Review of Literature
. Significant increase in
Channa punctatus
), after exposure to many pollutants.
gical indices are very important
Oreochromis mossambicus after exposure to
Labeo rohita.
tration of heavy metals
13
number of
RBC
mixture on
Haggage et al (1999) studied the seasonal effects of the industrial effluents
on the Nile cat fish (
Usha (2000) studied cadmium induced bioaccumulation in tissue of fres
water teleost Oreochromis mossambicus.
Das and Mukherjee (2000) studied the effect of an organophosphate
Quinalphos on Labeo rohita
parameters as indicated by marked decrease in haemoglobin, total
eryhtocyte count and increase in total leucocyte count.
Scholz et al (2000) observed that diazinon disrupts antipredator and
homing behaviour in
Svoboda et al (2001) studied effect of diazinon on haematological indices
of common carp. The effect was assessed based on results of acute toxicity
tests and on comparison of results of haematological examination
control and an experimental group exposed to Basudin 600 EW pesticide
preparation (active substance 600g/l of diazinon).
Rehulka (2002) investigated the effect of polychlorinated biphenyls Delor
103 on some haematological and biochemical indices of t
of rainbow trout (Oncorhynchus mykiss
Gupta and Shastri (2002) studied the combined effect of cadmium and
chromium on the haematology of fresh water fish
an exposure of 15 days. They reported a significant decrease
haemoglobin content, haematocrit value, total RBC count, total WBC
count and mean corpuscular haemoglobin concentration (MCHC) but an
increase in mean corpuscular volume (MCV) and mean corpuscular
heamoglobin (MCH).
Review of Literature
Clarias gariepinus).
fingerlings. They found alterations in blood
Chinook Salmon (Oncorhynchus tshawytscha
he blood plasma
).
Channa punctatus
14
h
).
of a
after
in
Vutukuru (2003) studied chromium indu
profile of Indian Major carp
Sarikaya (2003) carried investigation of acute toxicity and effect of 2, 4
(2-4 dichlorophenoxy acetic acid) herbicide on behaviour of common carp.
The behavioural changes
beats, gulping of air
James and Sampath (2003) studied the effect of copper toxicity on growth
and gonad development and reproductive performance in an ornamental
fish Xiphophorous helleri
sublethal concentrations of copper reduced the rates of food intake, also
reproductive indices like gonad weight, GSI and fertility showed
significant relation to copper concentrations.
Khan et al (2004) carried studies on mercu
(Ctenopharyngodon idella
of acute and chronic mercury intoxication in Grass carp.
Katalay and Parlak (2004) studied the effects of pollution on
haematological parameters of
shape of nuclei seen in normal acquires fusiform and spherical shape.
Olaifa et al (2004) observed redu
around fish Clarias gariepinus
(CuCl2.2H2O) at the rate of 5.6 mg/l and 10 mg/l.
of copper increase with both an increase in its concentration and length.
Drastichova et al (2004) studied the effect of cadmium on ha
indices of carp (Cyprinus carpio
Review of Literature
ced alterations in some biological
- Labeo rohita.
observed were restlessness, increased opercular
etc.
. It was found that exposure of animals to
ry intoxication in grass carp
). The project was carried out to study the effects
Gobius niger. They observed that ovoid
ced activity, weakness and thick
after an hour of the introduction of toxicant
It means harmful effects
).
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-D
mucus
ematological
Atef and Attar (2005) studied the biochemical effects of short term
cadmium exposure on the fresh water fish
Masud et al (2005) observed that mercurial toxicity even at low levels
caused adverse effects on body color, behavioural response and
haematological parameters. They stated that mercury toxicity (1.0 and 1.5
ppm) resulted in color changes, abnormal posturing, disbala
sluggishness in fish. Total erythrocyte count and haemoglobin levels
decreased where as total leucocyte count increased after exposure to 0.11
ppm HgCl2 for 60 days.
Shah and Altindag (2005) studied the effect of heavy metal accumulation
in the body of tench (
accumulation of heavy metals has a direct effect on LC
respective heavy metals and susceptiblity of fish.
Tyagi and Srivastava (2005) observed a significant decrease in RBC count,
haemoglobin and haematocrit content and an increase in WBC count,
MCV, MHC and MCHC while studying the haematological response of
fish Channa punctatus
Qadri et al (2005) studied the impact of pollution on the biochemical
composition of the muscle tissue of fish in three lakes of different trophic
status. Fishes selected for the purpose were
Schizothorax niger in three lakes
in biochemical contents of fish collected from lakes was in order of Anchar
lake > Dal lake > Manasbal lake.
Ramesh (2006) carried studies on the impact of heavy metal cadmium on
certain enzyme in Cyprinus carpio.
Waqar (2006) studied the levels of selected heavy metals in Tuna fish.
Review of Literature
Oreochromis nilotius.
Tinca tinca) and showed that previous body
to chronic zinc exposure.
Cyprinus carpio communis
- Dal, Anchar and Manasbal. The decline
16
ncing and
50 values of the
and
Vosyliene and Jankaite (2006) studied the effect of heavy metal model
mixture on the rainbow trout biological parameters.
Shah (2006) made studies on haematological parameters in tench (
tinca) after short term exposure to lead.
Das et al (2006) investigated haematological changes in three Indian Major
Carps Catla catla, Labeo rohita and Cirrhinus mrigala
and change water pH exposure. They observed a change in water pH
exerted stress on the fish characterised by swelling of erythrocytes,
reduction in total erythrocyte count and haemoglobin. He further reported
an increase in total leucocyt
Vinodhini and Narayana (2008) studied the bio
metals in organs of fresh water fish
in all heavy metals the bio
was significantly increased in the tissues of
Szczerbik et al (2008) carried studies on the influence of cadmium on
prussion carp oocyte maturation, development of eggs and hatching. The
results suggest that prussion carp eggs are very ressistant to
cadmium.
Ulfat Jan, G. Mustafa Shah and Aijaz Ahmad Bhat (2009 a) worked on
effect of stocking density on blood glucose and haemoglobin in captivity
and observed that increased stocking density causes an increase in the
blood glucose and haemo
Ulfat Jan, G. Mustafa Shah and Aijaz Ahmad Bhat (2009 b) worked on
effect of stocking density on haematology of
stocking densities in nature an
Review of Literature
following acidic
e count as a stress response.
-accumulation of heavy
Cyprinus carpio. It was concluded that
-accumulation of lead and cadmium proportion
Cyprinus carpio.
globin level.
Cyprinus carpio
d in captivity and found that RB
17
Tinca
water-borne
at various
C’s,
haemoglobin and blood glucose incre
nature but WBC’s increased more in nature than in captivity.
Ulfat Jan, G. Mustafa Shah and Aijaz Ahmad Bhat (2009 c) made studies
on impact of crowding on glucose level of
densities and revealed that crowding has a profound effect on glucose level
and leads its enhancement in blood.
Ulfat Jan, G. Mustafa Shah and Aijaz Ahmad Bhat
response of RBC’s, WB
carpio at various densities in cages and aquaria and reported that
haemoglobin and haematocrit increase more in cages as
aquaria where as WBC’s has shown reverse results.
Vinodhini and Narayanan (2009
on the haematological parameters in common carp. The results showed that
decreased activity of vitamin C during chronic exposure to toxic heavy
metals, which indicates the presence of reactive oxygen species
peroxidation.
Sarosiek et al (2009)
and cadmium on some sperm enzyme activities in common carp. It was
found that among the examined metals, mercury has the strongest
inhibitory effect on enzymatic activities.
Adedeji et al (2009)
leucocyte profile after exposure to diazinon based preparation in African
cat fish (Clarias gariepinus
as well as to a decrease on non
Deepak et al (2009) conducted a static bioassay test in or
LC50 values of cadmium chloride for fresh water stinging cat fish
Review of Literature
ased in captivity as comp
Cyprinus carpio
(2009 d) studied
C’s, haemoglobin and heamatocrit of
) studied the impact of toxic heavy metals
carried studies on the effect of copper, zinc, mercury
observed changes in values of both erythrocyte and
) and referred it to disruption of haematopoiesis
-specific immunity of fish.
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ared to
at various
Cyprinus
compared to
-induced
der to evaluate
Hetropneustes fossilis
by cadmium. The major behavioural a
experiments were mucus secretion, erratic swimming, increased opercular
beats etc.
Jana et al (2009) studied the effect of cadmium chloride on metallothionein
levels in carp. Cadmium content was determined in tissue of muscle
and kidney by atomic absorption spectrometry with electrothermal
atomization and content of metallothionein (MT) in the same tissue by
Brdicka reaction.
Ulfat Jan, G. Mustafa Shah and Aijaz Ahmad Bhat (2010) worked on
effect on stocking density on
found that increasing stocking density influences blood level and leads to
its decline depending on the exposure and stock.
Ololade and Ogini (2010) assessed the effects of nickel on the behaviou
and some blood parameters of A
observed that Mean corpuscular volu
haemoglobin (MCH) and Mean corpuscular haemoglobin concentration
(MCHC) values were equally lowered and the changes observed indicate
that haematological parameters can be used as an indicator of nickel
related stress in fish on exposure to elevated nickel levels.
Kumar and Singh (2010) presented an overview related to cadmium
toxicity in fish. It was concluded from the study that selective re
tissues that accumulate highest levels of cadmium i.e kidney and liver
might reduce the chances of toxicity due to this metal in human consumers
and in animal fed with fish meal.
Review of Literature
as well as to observe behavioural alterations posed
lterations observed during the
blood of common carp (Cyprinus carpio
frican cat fish Clarias gariepinus
me (MCV), Mean corpuscular
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, liver
) and
r
and
moval of
Ulfat Jan, G. Mustafa Shah and Aijaz Ahmad Bhat (2011) made studies
physiological responses of common carp (
Velisek et al (2011) carried studies on biochemical, physiological and
morphological responses in common carp (
term exposure to terbutryn in real environmental concentration. It was
found that long term exposure of terbutryn in carp resulted in slight
alterations in internal organs and
resulting in oxidative damage to
antioxidant capacities.
Shaw and Handy (2011) studied comparison between nanometals and
metal ions and found the physiological effects of nanoparticles on fish. It
was concluded that nanometals do have adverse physiolo
fish and the hazard for some metal nanoparticles (NPs) will be different to
the traditional dissolved forms of metals.
Hassan (2011) studied the effect of copper and cadmium on oxygen
consumption of juvenile common carp,
showed a decrease in survival rate with increasing concentration of each
metal.
Review of Literature
Cyprinus carpio) during stress.
Cyprinus carpio
reactive oxygen species formation
lipids and proteins and inhibition of
Cyprinus carpio (L
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on
) after long
gical effects on
.). The results
CHAPTER: 3
MATERIALS & METHODS
ELECTION OF ANIMALS
selected as a test animal. It is commonly available in
bodies. It is hardy fish and can withstand the
well.
COLLECTION OF FISH
(Common carp) with the size range of
Hazratbal Basin of Dal Lake. Fishes were carried immediately to
departmental laboratory avoiding stress and injury as much as possible.
PRE-EXPERIMENTAL MANAGEMENT
cleaned and rinsed completely before fill
(Potassium Permagnate) was used as a disinfectant.
S
Materials & Methods
: Cyprinus carpio - a minor carp was
aquarium condition
: - Adult live specimens of fish
16-18 cm were collected from
: - Laboratory aquariums were
ing them with water
21
local water
s very
Cyprinus carpio
. KMnO4
ACCLIMATIZATION OF FISH
water and fishes were kept in it. The
aerators for the continuous aeration of
acclimatization process, w
remove debris and foecal matter of fish. The acclimatization process takes
about a weeks time.
FEEDING REGIMEN
included naturally occurring zooplanktons
of vegetables, debris etc.
ESTIMATION OF MEDIAN LETHAL CONCENTRATION
Lethal concentration is
cause mortality in 50% of given population of an organism under a definite
set of experimental conditions after 96 hours of exposure period. To
investigate the effects of heavy metals in the body of carp
LC50 values of the respective heavy metals, the experime
accordingly. For determination of 96 hours LC
values, a group of eight
heavy metal. Separate groups of eight
mercury, cadmium and lea
days) and the concentration of each heavy metal that caused 50% mortality
in fish was named the LC
exposure period a very close
activities. Fish mortality was recorded at regular intervals of 24 hours and
dead fishes were carefully and immediately removed.
Materials & Methods
: - Laboratory aquariums were filled with
se aquariums were also fitt
aquarium water. Also during the
ater of aquarium was frequently renewed to
: -All the fishes were fed with natural
, decaying organic matter, parts
the statistically derived dose that i
nts were designed
50 (lethal conc
fishes was used for each concentration of each
fish each served as control for
d. All experiments were run for 96 hours (4
50 value of the respective metal. During the
watch was kept over the behaviou
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ed with
diet which
: - Median
s expected to
on 96 hours
entration
ral
EXPERIMENTAL DESIGN
sublethal concentration each of c
out in 40 litre capacity aquarium in the departmental laboratory.
The acclimatized fishes were
group of fishes served as control and other three groups served as
experimental groups.
Control group: -
Group I: -
Group II: -
Group III: -
Parameters studied
 Blood sampling, collection and processing.
 Impact of heavy metals on
a) Level of haemoglobin.
b) Count of Red Blood Cells and
c) Count of White Blood Cells.
 Impact of heavy metals on the behavio
Duration of Tests: -
was performed for a period of fifteen days. The dose concentration of each
metal was increased accordingly. The concentration
caused death of fish was regarded as the lethal concentration and these
fishes were not used for experimentation.
Materials & Methods
: - Experiments employing different doses of
admium, mercury and lead were
divided into 4 gr
Fishes were kept in normal pond water. It served
as control.
Fishes of this group were exposed to 0.50
cadmium chloride per litre of water.
Fishes of this group were exposed to 0.50
mercuric chloride per litre of water.
Fishes of this group were exposed to 0.50 mg of
lead nitrate per litre of water.
: - The following parameters were studied :
haematological parameters like
ur of fish.
The experiments for each concentration of each metal
of the dose that
23
carried
oups. The first
mg of
mg of
:
Only the lethal concentration
experimentation. Behavioural changes of dosed fishes were monitored
very closely on regular basis and were recorded.
Determination of haematological parameters
parameters were analyzed after a
haematological parameters studied are total e
leucocyte count (TLC) and level of haemoglobin.
The procedure for determination of haematological parameters are
given as under:
1) Blood Collection
control and experimental fishes. Blood samples were taken by
puncturing posterior caudal vein or by directly puncturing
(cardiac puncture) in
collected in small plastic viols using ethylenediamine
(EDTA) as an anti
2) Preparation of Blood Smears
blood smears on a clean glass slide
anticoagulant. A thin uniform layer of blood film
made on a clean glass slide. The b
sometime. After the blood film was completely dry, it was stained
in Leishman’s stain. It was again al
The blood smear was then observed under microscope
3) Estimation of Haemoglobin
present in the fish blood. It is a haemoprotein consisting of two
parts:
Materials & Methods
of doses were employed for
: - The haematological
n interval of three days.
rythrocyte count (TEC), total
: - Blood samples were collected from both the
between the two pectoral fins. Bloo
-coagulant.
: -Part of blood was used to make
s without adding an
lood film was allowed to dry for
lowed to dry for few minutes.
: - Haemoglobin is the red pigment
24
The various
the heart
d was then
tetra acetate
was carefully
.
a) 96% is a specific simple protein known
b) 4% is a non
pigment called
Haemoglobin (Hb) was estimated by Sahil’s haemoglobinometer.
The principle for estimation of haemoglobin is based on the fact that
haemoglobin of blood is co
brown colour.
Haemoglobinometer
(standard tubes or comparison tubes) both of which
blood haemolysed with N/10 Hcl. Between the two test tubes there is a
compartment to hold a graduated tube which was used to place the blood
sample for dilution and matching
haemoglobin tube is graduated in such a way t
one side give information in gram percentage while on the other side
information about the percentage of haemoglobin alone.
Reagents Required:
Procedure: - For the purpose of estimation of haemoglobin, the following
steps are involved;
 Clean and dry tubes and pipette well.
 Now the haemoglobin tube was filled with N/10 Hcl upto 0.5 mark.
 Blood was then suc
specific mark (20µl).
 This blood was then added to N/10 Hcl contained
tube.
Materials & Methods
as “Globin.
-specific prosthetic group, an iron containing
“Haem.”
nverted into acid haematin solu
:- The instrument consists of two vertical glass tubes
contain 20 mm
with standard glass tubes. The
hat the graduated marks on
- N/10 Hcl
ked with the help of haemoglobin pipette upto
25
”
tion which has a
3 of
in haemoglobin
 Wait for 5-10 minutes and during
of acid blood in the tube.
 Distilled water is then added until a match is obtained with the
brown glass standard
 Now read the lower level of fluid
 This reading will give the level of haemoglobin in gm/100ml of
blood.
4) Estimation of Total Erythrocyte Count
counted with the
includes two graduated pipett
One pipette is provided with a red bead and is used for counting
R.B.C’s while the other pipette is provided with white bead which is used
for counting W.B.C’s. Each pipette atleast bears three graduations.
Graduations on R.B.
Besides this, the
inches long by 1.5 inches wide. It bears two counting chambers with a
coverslip. It is called as Neu
counting of R.B.C’s and W
central platforms bordered by an edge shaped groove. Beyond this groove
on either side is a lateral platform further demarcated by a
Each central platform bears one counting cha
is formed by several straight perpendicular and horizontal lines enclosing
squares of various m
area of 9 sq mm. It is
central square is again divisible into 25 smaller
measures
Materials & Methods
this time, keep stirring the mixture
provided.
meniscus on gm% side of the tube.
: - Red Blood Cells were
help of haemocytometer. The haemocytometer
es in which dilution of blood is done.
C pipette are 0.5, 1 and 101.
haemocytometer also includes a glass slide
-bauer’s Counting Chamber in which
.B.C’s is done. One side of the slide bears two
mber, each counting chamber
easurements; the biggest square is 3
further divisible into 9 squares of 1x1mm each, the
squares. Each square
26
, 3
lateral groove.
x3mm with an
1/5 x 1/5= 1/25 sq mm. Each of these squares
smaller squares so that there a
area of 1/400 sq mm.
The RBC cou
diluted in such a way that the number of cells is easily counted
microscope. For counting of
It has the following composition;
i) Mercuric Chloride (HgC
ii) Sodium Chloride (NaCl)
iii) Sodium sulphate (Na
iv) Distilled water (H
The mercuric chloride acts as corrosive sublimate and fixes the
R.B.C’s present in the blood. The other ingredients act
R.B.C’s may not burst due to haemolysis
serves to dilute the blood.
Procedure: - Take the pipette meant for
with alcohol or spirit or ether
0.5 mark in the R.B.
upto mark 101. Shake for three minutes.
Counting of R.B.C’
the tip of the pipette to the edge of the cover slip on
The fluid enters by capillary action under the cover slip
chamber. Focus the R
counting chamber undisturbed for about three minutes
down in the counting area and counting is done. At least five squares
Materials & Methods
is further divisible into 16
re 400 smallest squares at all. E
nting by slide is based on the principle that blood is
RBCs, blood is diluted by Hayem
l2) = 0.5 gm
= 0.1 gm
2So4) = 5.0 gm
2O) = 200 cc
isotonically so that
. The Hayem’s solution also
R.B.C’s which is already rinsed
thoroughly dried. Now blood is dr
C pipette. The tip is wiped and diluting fluid is drawn
s: - One small drop of this diluted blood is brought at
the counting chamber.
and fills counting
.B.C counting area under high power
for the cells to settle
27
ach with an
under
’s solution.
awn upto
. Keep the
, each
having 16 smallest squares should be counted to obtain satisfactory value,
while counting each small square, cells touching the top and left margin of
each square should be omitted and cells t
of each square should be counted
baure’s chamber with a total area of 1 mm
R.B.C’s in all the 400 smallest squares or even in the 25 smaller squares,
count them only in five smaller squares, i.e
R.B.C’s lying on the lower and right side
while those lying on upper and left sides are to be rejected
Calculations: - The calculation
No. of R.B.C’s per cubic mm of blood =
4000
Suppose total R.B.C’s
Therefore, total R.B.C’s in
Therefore, R.B.C’s is one smallest squares =
Therefore, R.B.C’s is 400 smallest square = 5(A+B+C+D+E)
But height of blood film = 0.1mm
Dilution of blood = 200 times
So that 1 cubic mm of bl
=
=
Materials & Methods
ouching bottom and right margin
. There are 400 smallest squares in Neu
2. It is not necessary to count
, 1st, 5th, 13th, 21
of square are to be added in total,
.
may be done by the following method
No. of cells counted x dilution x
No. of small squares counted
for five smaller squares are equal to A+B+C+D+E.
80 smallest squares = A+B+C+D+E
A+B+C+D+E
ood will contain;
200 x 10 x 5(A+B+C+D+E) R.B.C’s
10,000 (A+B+C+D+E) R.B.C’s
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-
st and 25th. The
:
.
80
5) Estimation of
(W.B.C’s) were counted with the help of haemocytom
of R.B.C’s . But here in this
acid in addition to solution
glacial acetic acid haemolyses the red cells, while the gentian violet
slightly stains
recognized.
Procedure: - The procedure of counting of
R.B.C’s. The W.B.C’s
in the central ruled area on both the sides of counting chambers of the
haemocytometer. The
and by the slight colour given to them by the stain contained in the diluting
fluid. The cells touching the boundary lines are not counted.
Calculations: - The calculations may be done by the following method:
No. of W.B.C’s per cubic mm =
Since the dilution is 20 times and the cubic capacity of the area counted is
1/10 cubic millimeter, the total v
instance, the number of
In other words, number of
Therefore, no of W.B.C’s
W.B.C’s.
Determination of physio
physio-chemical characteristics o
Materials & Methods
Total Leucocyte Count: - White Blood Cells
case blood is diluted with glacial acetic
of gentian violet in distilled water. The
the nuclei of white blood cells so that they are easily
W.B.C’s is same as that
are counted in four corners of 1 square millimeter
W.B.C’s are recognized by the refractile appearance
No. of cells counted x dilution x 10
No. of 1 sq mm counted
olume is 1/200 cubic millimeter. S
W.B.C’s in 4 outer squares is (10+12+13+10) = 45
W.B.C’s in 1/200 cubic millimeter = 45
in one cubic millimeter = 45 x 200 x 1/2
-chemical characteristics of wate
f water studied were:
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eter as in case
of
ay for
= 4500
r : The
1) Hydrogen ion concentration (pH)
2) Temperature.
3) Dissolved oxygen
4) Total alkalinity
1) Hydrogen ion concentration
digital pH meter.
2) Temperature
thermometer.
3) Dissolved oxygen (DO)
Winkler’s method APHA (1980). The various reagents involved
in this method were:
 Manganous sulphate
MnSO4 in 200 ml of distilled water.
 Alkali Iodide Azide reagent
of NaOH or 700 g of KOH and 135 g of NaI or 125 g of KI in
distilled water and then diluting it to 100 ml. After that 10 g of
sodiumazide (NaN
 Starch solution
dissolving 1 g of starch in 100 ml of distilled water and
then adding few drops of salicylic acid (0.1 g)
preservative.
 Sulphuric acid (Concentrated solution)
 Sodium thios
prepared by dissolving
distilled water and then adding 0.4 g of solid NaOH
Materials & Methods
.
.
.
:- It was determined with the help of
:- It was determined with the help of
:- It was determined by Modified
:- It was prepared by dissolving 7280 g of
:- It was prepared by dissolving 500 g
3) was added in 40 ml of distilled water.
:- Starch solution was prepared by
.
ulphate solution (Na2S2O3.5H
6.205 g of Na
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laboratory
as
2O):- It was
2S2O3.5H2O in
to it.
The volume was diluted upto 100
brown bottle.
 Standard Potassium bi
by dissolving
of distilled water.
Procedure
1. Fixation
2. Titration:-
 50 ml of sample was transferred in a titration flask.
 Water sample was titrated against
straw color was obtained.
 Few drops of starch solution was added so that blue color forms. Again
titration was continued until sample turns clear. This was the end point
and the volume of titrant used was noted.
3. Calculations:-
Materials & Methods
0 ml and was stored in
-iodate (KHIO3)2 :-
120 g of NaOH and 33.75 g of NaI
:
:-
 Water sample was collected in 250
and to it 1 ml of MnSO4 and 1 ml of alkali
iodide-azide reagent was added.
 The solution in the bottle was mixed carefully by
inverting bottle several times for about 10
seconds.
 When the precipitate has settled sufficiently to
approximately half of the bottle volume or lower
third of bottle, 1 ml of concentrated H
added.
 Again the solution was mixed by inverting the
bottle several times until dissolution is complete.
0.025M Na2S2O3.5H
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It was prepared
in 250 ml
-300 ml bottle
2SO4 was
2O until pale
Dissolved oxygen in a given water sample was determined with the
following formula:
DO (in mg/l)= Volume of titrant used x 1000 x 0.2
4) Total alkalinity
used for determining the total alkalinity.
this method were:
Procedure:
Standardise given acid solution by titration with 0.02N Na
using phenolphthalein as indicator by following procedure:
 Take 10 ml H2SO
 Add 2-3 drops of phenolphthalein indicator.
 Titrate given acid
 Note the volume of Na
 Now take 25 ml sample in conical flask
 Add 2-3 drops of phenolphthalein indicator.
Materials & Methods
Volume of sample
:- Acidimetric end point indicator method was
Reagents involved in
 0.02N Sulphuric acid :- It was prepared by
diluting 200 ml 0.1N H2SO4 to 1000 ml with
distilled water.
 Phenolphthalein indicator.
 Methyl Orange indicator.
 0.02N Sodium Carbonate:- It was prepared by
dissolving 0.42 g of Na2CO3 in 200 ml
water.
4 solution in conical flask.
solution with 0.02N Na2CO3 solution.
2CO3 at change from colourless to pink.
.
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help of
of distilled
2CO3 solution
 If solution remains colourless, phenolphthalein alkalinity is zero
(PA=0).
 If colour changes to pink, titrate it with 0.02N H
just disappears at end point. This is phenolphthalein alkalinity (PA).
Record the volume of titrant used.
 To the colourless solution from the titration (or to the original sample of
water if there was no colour with phenolpthalein) add 2
methyl orange indicator.
 If colour turns yellow, continue titration until colour shows first change
from pure yellow to faint orange tint as end point.
 Now record the voloume of titrant used
Calculations
PA as CaCO3 (mg/l) =
TA as CaCO3 (mg/l) =
Where A = volume of acid used only with phenolphthalein.
and B = volume of acid used with phenolphthalein and methyl orange.
Normality of acid = 0.02.
Materials & Methods
2SO4
. This is total alkalinity (TA).
:-
A x Normality of acid x 1000 x 50
Volume of sample.
B x Normality of acid x 1000 x 50
Volume of sample.
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until the colour
-3 drops of
CHAPTER: 4
RESULTS & DISCUSSION
he tremendous
decades has inevitably resulted in an increased flux of metallic
substances in the aquatic environment (Yang and Rose 2003). The metals
are of special concern because of their diversified effects and t
concentration stimulated
wastes constitute major source of metal pollution in natural water
(Livingstone, 2001). Aquatic systems are exposed to a number of
pollutants that are
industries, sewage,
agricultural areas. These pollutants cause
(Karbassi et al, 2006; Al
T
Results & Discussion
increase in the use of heavy metals over the past few
toxic ill effect to the aquatic life forms. Industrial
mainly released from effluents discharged from
treatment plants and drainage from urban and
serious damage to aquatic l
-Masri. 2002).
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he range of
ife
So the basic aim of present study was to de
heavy metals on the
thus obtained from present
1. EFFECT OF CADMIUM ON HAEMATOLOGICAL
PARAMETERS OF
Cadmium is considered as one of the most
could cause toxicity at each level in organisms from populations and
communities to cell
the “Black list” of European community (Mas
class (soft) metal (da
element with no known biological function and is reported to be major
contaminant of aquatic
organism (Hollis et
diverse sources including both natural and anthropogenic activities. The
major sources of contamination include electroplating, paper, PVC,
pigments and ceramic industries, battery
many other modern industries (Gupta
aquatic bodies through sewage sludge and with the run off from
agricultural lands as it is one of
fertilizers (Cherian and Go
 Effect on Haemoglobin of
Doses of Cadmium chloride in the present st
of 0.50 mg/l to 5 mg/l and the
concentration range from 9.03
control group which showed h
(Table 1).
Results & Discussion
termine the effect of some
hematology of fish-Cyprinus carpio
work goes as under:
CYPRINUS CARPIO:-
toxic water contaminants and
elements (Rashed 2001). Cadmium has been listed in
on, 1996) and
-Silva and Williums, 1991). It is a non
ecosystems causing adverse effects on aquatic
al, 1999). It enters into aquatic ecosystems through
, mining and smoldering units and
et al, 2003). It also enters into
the major components of the pho
yer, 1989).
Cyprinus carpio:
udy were given in the range
changes observed in the
0.11 to 6.8 0.09 in
aemglobin concentration of 9.3
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and the results
classified as b-
- biodegradable
plastic,
sphate
haemoglobin
comparsion to
0.09.
It was found that with the increase in the do
chloride, haemoglobin level was found to be dropping
the present study haemoglobin
parental value. It was revealed with the help of one
that the changes in heamoglobin percent were significant at all dose
concentrations (p<1)
was increased.
The present study demonstrated the o
Cadmium chloride on h
are in agreement with earlier works that reported a significant decrease in
haemoglobin of flounder,
Larson 1978) and other
(Vutukuru, 2005; Shalaby 2001).
The results of the present study
Larsson (1975) who showed the decrease in haemoglobin
the blood of eel and perch after short
cadmium.
The decline in haemoglobin of
cadmium chloride may be attributed to the alterations in properties of
haemoglobin by decreasing their affinity towards oxygen
rendering the erythrocytes more fragile w
(Witeska and Kosciuk, 2003).
Results & Discussion
se concentration of C
(F
was found to exhibit decline in their
-way ANNOVA results
but highly significant (p=o) as the dose concentration
bvious toxic effec
aemoglobin of Cyprinus carpio. The above results
Pleuronectes flesus (Johansson
fresh water fishes exposed to heavy metals
are also supported by the work of
-term and long term exposure to
Cyprinus carpio during exposure to
binding capacity
hich results in cell damage
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admium
ig.1). Hence in
t of
-Sjobeck and
concentration in
Table1. Haemoglobin concentration (in gram
carpio when expose
Dose Concentration
(mg/l)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
%) values of fish
d to various concentrations of Cadmium chloride.
Haemoglobin Concentration
(in gm%)
9.03 ± 0.11
8.86 ± 0.11
8.7 ± 0.6
8.4 ± 0.09
8.2 ±0.1
8 ± 0.1
7.8 ± 0.09
7.5 ± 0.09
7.3 ± 0.2
6.8 ± 0.09
9.3 ± 0.09
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Fig 1. Change in Haemoglobin c
concentration of Cadmium c
Results & Discussion
3 4 5 6 7 8
Dose concentration of cadmium chloride (mg/l)
Haemoglobin Concentration (in gm%)
oncentration of Cyprinus carpio
hloride.
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with dose
 Effects on total
Changes in total erythrocyte count (TEC) of
and of fishes treated with Cadmium chloride is depicted in T
doses in present study were given in the range of 0.50mg/l and the
changes observed in RBC count
0.43 (x106/mm3)
RBC count of 2.16 (x10
with that of treated groups very clearly indicates
decrease in total erythrocyte
Cadmium chloride is increased (
found to be statistically significant (p<1) at all doses.
This parental decline of total
reported in the blood of trout (
(Dick and Dixon, 1984).
The results are also in
Ruparella etal; 1990 who observed a decline in count of
the blood of Tilapia (
duration of exposure and concentration of cadmium.
Same decrease in tot
Sjobeck and Larsson, 1978 in flounder (
This reduction in total
carpio may be attributed to lysis of RBC’s when
cadmium. This erythrocyti
erythrocyte count . It also becomes cle
of RBC’s in the blood s
after exposure to cadmium
that it resulted in reduced oxygen carrying capacity of RBC’s and
Results & Discussion
erythrocyte count (TEC) of Cyprinus carpio
Cyprinus carpio
, range from 1.87 (x106/mm
0.15 in comparison to control group which showed
6/mm3) 0.15. Comparison of data of control
that there is a marked
count (TEC) as the dose concentration of
as shown in Fig 2). The results
erythrocyte count has
Salmo gairdnerii) when exposed to copper.
line with the previous research work of
Oreochromis mossambicus Peters) depending on the
al erythrocyte count was found
Pleuronectes flesus
erythrocyte count observed in
exposed to heavy metal
c lysis finally lead to marked decline in total
ar from distorted or abnormal shape
mear of presently studied fish Cyprinus
. Such morphological changes
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:
of control
able 2. The
3) 0.05 to
were
earlier been
erythrocytes in
by Johnson-
).
Cyprinus
carpio
in RBC’s seems
consequently lead to tissue hypoxia as
Pant (1987) while studying chromium toxicity on
Table 2. Total erythrocyte count (TEC) of fish
exposed to various concentrations of C
Dose concentration
(mg/l)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
was also suggested by Gill and
Barbus conchonious
Cyprinus c
admium chloride.
Total RBC Count (x 10
1.87 ± 0.05
1.76 ± 0.05
1.6 ± 0.1
1.5 ± 0.1
1.4 ± 0.1
1.2 ± 0.1
0.9 ± 0.1
0.6 ± 0.1
0.46 ± 0.1
0.43 ± 0.15
2.16 ± 0.15
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Fig 2 . Change in Total Erythrocyte count (TEC) of
dose concentration of Cadmium chloride
Results & Discussion
3 4 5 6 7 8
Dose concentration of cadmium chloride (mg/l)
Total RBC Count (x 106/ mm3)
Cyprinus carpio
.
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with
 Effect on total leucocyte count (TLC) of
For the estimation of total leucoyte count in the present study the doses of
cadmium chloride were given in the
changes observed in total leucocyte count range from 3.93 (x10
0.05 to 5.5 (x104/mm
showed total leucocyte value of 3.7(
is evident from the present data that the total leucocyte count of
carpio showed a marked increase from normal (
of the Cadmium chloride was increased in the treated fish.
Hence unlike total
leucocyte count was
treated fish, as the concentration
were found to be statistically significant
The results obtained for total leucoyte count are supported b
research works that in the beginning of cadmium exposure, an increase in
count of leucocytes was
(Pleuronectes flesus) ( sj
The results obtained are also in line
1990 who observed an
(Scyliorhinus canicula
This abrupt incr
protective response of the body
so that fish restores its disturbed homeostasis. Hence it simply seems to
increase the immunity of the
Results & Discussion
Cyprinus carpio:
range from 0.50mg/l to 5 mg/l and the
3) 0.1 in comparsion to control group which
x104/mm3) 0.1. (Table 3
Fig 3) as the concentration
erythrocyte count and haemoglobin
found to be increasing in the Cadmium chloride
of the metal was increased. These results
(p<1).
also observed in the blood of flounder
o-beck and Larson 1978).
with Tort and Hernandez
increase in blood leucocyte in dog fish
) only after 4-day exposure to cadmium.
ease in total leucocyte count may be attributed to the
during stress caused by the metal toxicity
fish against stress caused by this metal.
42
4/mm3)
). Hence it
Cyprinus
, the total
y the previous
-Pascual,
Table 3. Total leucocyte count (TLC) of fish
exposed to various concentration
Dose concentration
(mg/l)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
Cyprinus c
s of Cadmium chloride.
Total WBC Count (x 10
3.93 ± 0.05
4.03 ± 0.05
4.23 ± 0.05
4.4 ± 0.1
4.6 ± 0.1
4.7 ± 0.1
4.9 ± 0.1
5.16 ± 0.05
5.3 ± 0.05
5.5 ± 0.1
3.7 ± 0.1
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4/ mm3)
Fig.3. Change in Total leucocyte count of
concentration of C
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Results & Discussion
Cyprinus carpio
admium chloride.
3 4 5 6 7 8
Dose concentration of cadmium chloride (mg/l)
Total WBC Count (x 104/ mm3)
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9 10
Control Group
 Effect on fish behavio
Just after introduction to test sol
surfacing and hyperactivity.
and color fading were observed in
cadmium exposure. After 48 hours of exposure, the fi
reduced activity and g
and gulping of air was also observed. At this stage fishes showed loss of
balance and jerky movements during swimming
also noticed in some fishes probably due to toxic effects of cadmium on
fish.
Behavioral alterations have been established as sensitive indicators of
chemically induced stress in
Shukla 1990, Agarwal 1991)
observed during present
metals as also observed by various workers (Sprague, 1969; Giat
1982; Black and Bing, 1989; S
swimming might be
Nervous System as evident by inhibition of e.g ACHE by cadmium and
other metals (Devi and Fingerman, 1995; Lata
The increased gulping activity by the exposed fish may be reflec
attempt by the fish to extract more oxygen to meet the
demand to withstand the cadmuim toxicity.
Results & Discussion
ur and other effects:-
ution fishes showed increased swi
Restlessness, rapid surfacing p
Cyprinus carpio after 24 hrs of
shes showed slightly
radual increase in color fading. Increased surfacing
. The fin h
aquatic organisms (Olla, 1980, Sharma and
. Erratic swimming, restlessness and surfacing
study may be an avoiding reaction to the heavy
vecevicus, 2001). Loss of b
also due to some neurological impairment in C
et al, 2001; Patro, 2006).
increased energy
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mming
eeling of skin
aemorrhage was
tina et al,
alance during
entral
tion of an
2. EFFECT
PARAMETERS OF
Mercury is one of the most haza
tends to concentrate in various organisms including fish due to re
biodegradation of its derivatives.
electrical pharmaceuticals
1991). There are two major kinds of mercuric compounds i.e inorganic and
organic. The different industrial
compounds like mercuric chloride which is converted into more toxic
organic compounds methyl mercury thro
spry, 1996). Then these compounds are transferred through feed and in this
way enter the food chain.
Keeping in view the harmful effects of mercury in f
human life, the effects of mercury
Cyprinus carpio have been studied.
 Effect on h
For the study of haemoglobin of
sub-lethal doses of M
to 5mg/l and the changes observed in h
from 8.93 (gm/%)
group which showed haemoglobin concentration of 9.26 (gm%)
(Table 4).
During the present study
fish and is found to be dropping in mercury exposed fishes
haemoglobin of 8.93 gm in a dose concentration of
a dose concentration of 1.0 mg/L; 8.53 gm in 1.5 mg/L; 8.3 gm in 2 mg/L;
Results & Discussion
OF MERCURY ON HAEMATOLOGICAL
CYPRINUS CARPIO:-
rdous environmental pollutants. Mercury
Mercury is released from chlor
, pesticides, paper pulp industries (Schaper
effluents release inorganic mercuric
ugh bacterial action (Wiener and
ish and ultimately in
on haematological parameters of
aemoglobin of Cyprinus carpio:
Cyprinus carpio exposed to mercury
ercuric chloride were given in the range of
aemoglobin concentration ranged
0.11 to 6.3 0.05 in comparison to control
haemoglobin concentration is highest in control
0.50 mg/L
46
duced
-alkali,
claus,
,
0.50 mg/l
0.15
with
; 8.73 gm in
8.06 gm in 2.5 mg/L; 7.86 gm in 3 mg/L; 7.6 gm in 3.5 mg/L; 7.23 gm in 4
mg/L; 6.93 gm in 4.5 mg/L and 6.36 gm in 5 mg/L
that with the increase in dose concentration of mercuric chloride there is a
decrease in the haemoglobin
the fish becomes ana
were found to be statistically significant (p<1) and highly significant when
the dose concentration was increased (p=o).
The research findi
Omoregie (1999) which showed the similar reduction
when they exposed fish to polluted environment under laboratory
conditions. Thus the significant reduction in h
of severe anaemia caused by exposure of the experimental fish to mercury
(Hg) in water.
After observing the blood smear of mercury treated experimental fish
under microscope, the deformed and cresentric shape of
seen. This depression in
such decreased and deformed
signs of anaemia (Maheshwa
Results & Discussion
(Fig
concentration and a stage is reached in which
emic. By applying one way ANNOVA test, the results
ngs in the present study are in line with Musa and
s
aemoglobin is an indication
erythrocytes
haemoglobin concentration may be attributed to
erythrocytes, which in turn are obv
ran et al, 2008).
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4). It was found
in haemoglobin
were
ious
Table 4. Haemoglobin concentration (in gram %) values of fish
carpio when expose
Dose Concentration (mg/L)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
d to various concentrations of Mercuric chloride.
Haemoglobin Conc. (in gm %)
8.93 ± 0.11
8.73 ± 0.05
8.53 ± 0.05
8.3 ± 0.09
8.06 ± 0.05
7.86 ± 0.05
7.6 ± 0.09
7.23 ± 0.05
6.93 ± 0.11
6.36 ± 0.05
9.26 ± 0.15
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Fig 4. Change in haemoglobin concentration of
concentration of Mercuric chloride
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 Effect on total
Changes in RBC count of control and of fishes
Mercuric chloride are depicted in Table 5 and F
The changes observed in the total
(x106/mm3) 0.15 to 0
control group which showed total
(x106/mm3) 0.15.
Hence comparison of data of control with that of the treated groups
very clearly indicates that there is a marked decline in total
count as the dose concentration of treated groups was increased. One way
ANNOVA results reveal that the changes in total
significant at all intervals (p<1).
Similar decline has also earl
and Mishra (1979), Goel and Kalpana (1985),
(1987), Wlasow and Dabrowska (1989), Mazon
Srivastava (2005) following exposure to different metals. I
observation of Senczuk (1999),
other animals and humans also respond by reduction in total
count, reduced erythrocyte life span and slower e
exposed to various metals further
total erythrocyte count as a result of metal toxicity.
This parental decline of total
treated fish, like ha
erythrocytes that becomes clear from the distorted or abnor
RBC's in the blood smear.
Results & Discussion
erythrocyte count (TEC) of Cyprinus carpio
ig 5.
erythrocyte count range from 1.76
.13 (x106/mm3) 0.05 as compared to data of
erythrocyte count of 2.16
erythrocyte
ier been reported in fishes by S
Beena and Vishwarajan
et al (2002) and Tyagi and
where in he stated that not only fishes but
rythropoiesis when
corroborate presently observed decline in
erythrocyte count in mercuric
emoglobin, may also be attributed
50
:
treated with
erythrocyte
count was
rivastava
n this context,
erythrocyte
chloride
to the lysis of
mal shape of
Table 5. Total erythrocyte count (TEC) of fish
exposed to various concentrations of M
Dose concentration
0.50 mg/l
1 mg/l
1.5 mg/l
2 mg/l
2.5 mg/l
3 mg/l
3.5 mg/l
4 mg/l
4.5 mg/l
5 mg/l
Control Group
Results & Discussion
Cyprinus c
ercuric chloride.
(mg/l) Total RBC Count (x106/mm3)
1.76 ± 0.15
1.6 ± 0.1
1.43 ± 0.06
1.3 ± 0.00018
1.13 ± 0.05
1 ± 0.1
0.66 ± 0.05
0.366 ± 0.05
0.2 ± 0.11
0.13 ± 0.05
2.16 ± 0.15
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Fig 5. Change in total erythrocyte count
dose concentration of Mercuric chloride
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(TECs) of Cyprinus carpio
.
3 4 5 6 7 8
Dose concentrations of mercuric chloride (mg/l)
Total RBC Count (x106/mm3) Control Group
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 Effect on total leucocyte count (TLC) of
White blood cells or leucocytes are the cells of immune systems
defending the body
White blood cells are further classified as granulocytes and agranulocytes.
Agranulocytes include lymphocytes and monocytes and granul
consist of neutrophils, e
only neutrophils can be
The data of tota
group of present investigation is given in T
In the present study the doses of M
the range from 0.50 mg/l to 5mg/l. The
(TLC) was found to change from 3.96 (x10
(x104/mm3) 0.06 in
group which showed TLC value of 3.7 (x10
found to be statistically significant (p<1).
Unlike Hb% and TEC, TLC has been found
groups of fishes compared to control group. This parental rise observed in
total leucocyte count continued up to the
increase of mercuric chloride dose.
This abrupt increase of TLC after short term exposure
chloride may be due to the protective response of body during stress
caused by metal toxicity.
leucopoietic process and enhanced release of leucocytes
circulation. The reason for this increase in TLC following metal exposure
draws support from the presently observed increase in lymphocytes which
Results & Discussion
Cyprinus carpio
against both infectious disease and foreign materials.
osinophils and basiophilis. Among granulocytes
seen using Leishman's stain.
l leucocyte count of all treated as well as control
able (6) .
ercuric chloride as usual
change in the total leucocyte count
4/mm3)
comparison to the total leucocyte count of the control
4/mm3) 0.1. The results were
to increase in all the treated
end of the experiment with the
As a result TLC increases through stimulation
53
:
ocytes
given in
0.05 to 5.8
of mercuric
of
in blood
are involved in the antibody production. Hence,
be safely attributed to increase in lymphocytes only.
Meenakala (1978)
enhanced release of lymphocytes from
support the presently held
contributor for the increase in TLC . Mahajan
Agarwal and Srivastava (1980) also advocated the increase in TLC to the
lymphocyte increase only.
It can be inferred that this increase in TLC a
mercuric chloride is attributed to
against stress caused by metal toxicity.
Results & Discussion
this increase in TLC
also noted stimulated lymphopoiesis and
lymphomyeloid tissue
viewpoint of lymphocytes to be the
and Juneja (1979) and
fter short-term exposure of
increase the immunity of the organism
54
can
which
chief
Table 6. Total leucocyte count (TLC) of fish
exposed to various concentration
Dose Concentration
(mg/l)
0.50 mg/l
1 mg/l
1.5 mg/l
2 mg/l
2.5 mg/l
3 mg/l
3.5 mg/l
4 mg/l
4.5 mg/l
5 mg/l
Control Group
Results & Discussion
Cyprinus c
s of Mercuric chloride.
Totol WBC Count (x10
3.96 ± 0.05
4.13 ± 0.05
4.33 ± 0.05
4.5 ± 0.05
4.6 ± 0.2
4.8 ± 0.05
5.1± 0.1
5.3 ± 0.06
5.6 ± 0.06
5.8 ± 0.06
3.7 ± 0.1
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Fig 6. Change in total leucocyte count
dose concentration of Mercuric chloride.
Results & Discussion
3 4 5 6 7 8
Dose concentration of mercuric chloride (mg/l)
Totol WBC Count (x104/mm3)
(TLC) of Cyprinus carpio
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Control Group
with
Effects of Mercury
When fishes were exposed to sub
no changes were observed on the first day of exposure. As the
concentration of dose was increased
There is some damage
quantity of slime. This
Banerjee (1991) who observed the same thin
Heteropneustes fossils
When the dose of mercuric
1.5mg/l to 2 mg/;
observed in carp. The fish turned upside down. Oliveira
reported this decreas
due to the disorganization
of myelin sheaths when
as off feed and restlessness were also observed in mercuric chloride
exposed fish. This may
affected in mercury in
the fish. (Ribeiro et al
When the dose of mercuric chloride was further increased
mg/l fishes showed vertical movements
This finally resulted in death of fish
prior to death has been reported in various fish species on exp
heavy metals. (Little
Results & Discussion
on fish behavior and other effects:
-lethal dose of M
, mucus lining was shed by the fish.
caused to epidermis that started se
observation is in line with that of
g in the cat fish
.
chloride was further
nervousness, dullness and circling movements were
ed motility and increased inco-ordination
of axons and mainly disruption
exposed to mercury. Behavioral disturbances such
be attributed to the fact that olfactory
toxication, which changed the normal
, 1995).
, disturbed swimming patterns etc.
. This kind of behavioral
et al 1993).
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ercuric chloride
creting profuse
Rajan and
-
increased from
et al (1996)
in fish is
and dissociation
organs were
behaviour of
up to 6
abnormality
osure to
3. EFFECT OF LEAD ON H
PARAMETERS OF
Lead is an important heavy metal with highest atomic number found
in series of natural minerals. Lead is present anywhere in the biosphere and
has now become an unavoidable part of our food which is a
0.01ppm. Lead poiso
Nervous System (CNS) . It is reported to cause gastro intestinal disorder
anaemia etc. Chronic lead poisoning
System (CNS) which may l
death.
The heavy metal lead can be found in some metal water tops,
interior water pipes, or pipes connecting a house to the main water pipe in
the street. Lead that is found in tap water usually comes from the c
of older fixtures or from
leaded pipes for several hours
 Effects on Haemoglobin of
Doses of Lead nitrate in the present study for
haemoglobin concentration of lead nitrate treated fish were given in the
range from 0.50 mg/l to 5mg/l and the changes observed in the
haemoglobin concentration of lead nitrate treated fish
9.16 (gm%) 0.50 to 7.4 (gm%)
concentration of control fish which showed the value of 9.36 (gm/%)
0.50 (Table 7).
With the increase in dose concentration of lead nitrate, there was
further sharp drop in the values of haemoglobin (F
Results & Discussion
AEMATOLOGICAL
CYPRINUS CARPIO:
ning effects seriously the kidneys, liver and C
adversely affects Central Nervous
ead to mental retardation, coma and finally
the solder that connects pipes. When water sits in
, lead can leach into the water supply.
Cyprinus carpio:
were in the range of
0.50 as compared the h
ig. 7). On applying one
58
pproximately
entral
s,
orrosion
determining the
aemoglobin
way ANNOVA tests
(p<1).
Review of literature however reveals that the present results are in
conformity with the view point of the following workers: Panigrahi (1977)
Srivastava and Mishra (1979)
(1985), Aruna and Gopal (1987), Sam
Srivastava (2005). All these workers reported decline in h
exposure to different metals.
This decrease in hemoglob
treatment of lead nitrate may again be attributed to the alterations in
properties of haemoglobin
cadmium chloride and mercuric chloride treated fish.
Results & Discussion
, the results were found to be statistically significant.
, Gill and Pant (1985), Goel and Kalpana
path et al (1998) and Tyagi and
a
in concentration in Cypri
, rendering it more fragile
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,
emoglobin upon
nus carpio after
as in case of
Table 7. Haemoglobin concentration (in gram %) values of fish
carpio when expose
Dose Concentration
(mg/l)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
d to various concentrations of Lead nitrate.
Haemoglobin Concentration
(in gm %)
9.16 ± 0.05
8.9 ± 0.05
8.8 ± 0.05
8.6 ± 0.1
8.5 ± 0.1
8.26 ± 0.05
8 ± 0.1
7.7 ± 0.1
7.5 ± 0.05
7.4 ± 0.05
9.36 ± 0.05
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Fig 7. Change in haemoglobin concentration of
Results & Discussion
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Dose concentration of lead nitrate (mg/l)
Haemoglobin Concentration (in gm %)
Cypinus carpio
concentration of Lead nitrate .
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with dose
 Effects on total erythrocyte count of
The doses of lead nitra
given in the prescribed
observed in total
2(x106/mm3) 0.1 to 0.5 (x10
Hence it is quiet ob
total erythrocyte count was also f
dose concentration (
changes in total erythrocyte
This parental decline in total
reported by Wlasow and Dabrow
changes in blood and haemopoietic tissues of common carp exposed to
lethal concentration of ammonia. Same parental decline in total
count was observed by Mazo
fresh water fish Prochilodus sacrofa
This decline in total
be attributed to erythrocyte
cadmium chloride and mercuric chloride. It may be due to the reason that
all heavy metals have the same basic effect on
Results & Discussion
Cyprinus carpio:
te for determining this effect in the fish
range from 0.50mg/l to 5 mg/l and the changes
erythrocyte count (TEC) were in the range of
6/mm3) 0.11 (Table 8).
ivious from the results that like h
ound to be dropping with the increase in
Fig 8). One way ANOVA results reveal that the
count was significant at all intervals (p<1).
erythrocyte count has also earlier been
ska (1989) while study
n et al (2002) in South Amer
exposed to copper.
erythrocyte count in lead nitrate treated fish may
cell lysis. This effect is same as that caused by
haematology of fish.
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were
aemoglobin,
ing the cellular
sub
erythrocyte
ican tropical
also
Table 8. Total erythrocyte count (TEC) of fish
exposed to various concentrations of L
Dose concentration
(mg/l)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
Cyprinus c
ead nitrate.
Total RBC Count (x 10
2 ± 0.1
1.6 ± 0.3
1.8 ± 0.1
1.6 ± 0.15
1.5 ± 0.1
1.2 ± 0.1
1.1 ± 0.1
0.7 ± 0.15
0.6 ± 0.15
0.5 ± 0.11
2.16± 0.15
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Dose concetration of lead nitrate (mg/l)
Dose Concentration (Conc. Of lead nitrate in mg/l)
Total RBC Count (x 106 mm3)
Control Group
Cyprinus carpio
centration of Lead nitrate .
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(TEC) with
 Effects on
Again for determination of total leucocyte count in lead
fish, the doses of Lead nitrate were giv
and the changes observed in total leucocyte count were in the range from
3.8 (x104/mm3) 0.1 to 5.4 (x10
leucocyte count of control fish which showed the value of 3.7
(x104/mm3) 0.1 (Table 9).
Now on comparing t
fish with the control fish (untreated), it was found that unlike h
concentration and total
gradual increase in all the treated fishes as compared to
was also found that with the increase in the dose concentration of lead
nitrate the total leucocyte count of treated
9).
The results were found to be statistically significant.
This rise in TLC in heavy metal treated fish has also been reported
in fishes by Singh (1995)
Srivastava (2005) following treatment
Again this parental rise in TLC in lead nitrate treated fish may be
attributed to protective
toxicity. Hence fish tries to restore its disturbed ho
Results & Discussion
total leucoyte count (TLC) of Cyprinus carpio:
en in the range of 0.50mg/l to
4mm3) 0.09 in comparison to the total
he values of WBC count in lead nitrate treated
erythrocyte count, total leucocyte count
control
fishes was also incre
, Das and Mukhrjee (2000) and Tyagi and
with various xenobiotics.
response of body during stress caused by metal
meostasis
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exposed
5mg/l
aemoglobin
showed a
group. It
ased (Fig
(i.e p<1)
by this.
Table 9. Total leucocyte count of fish
various concentrations of L
Dose concentration
(mg/l)
0.50 mg/L
1.0 mg/L
1.5mg/L
2mg/L
2.5mg/L
3mg/L
3.5mg/L
4mg/L
4.5mg/L
5mg/L
Control Group
Results & Discussion
Cyprinus carpio when expose
ead nitrate.
Total WBC Count (x10
3.8 ± 0.1
4 ± 0.1
4.03 ± 0.05
4.2 ± 0.05
4.5 ± 0.1
4.6 ± 0.1
4.8 ± 0.1
4.9 ± 0.05
5.1 ± 0.05
5.4 ± 0.09
3.7 ± 0.1
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Fig 9. Change in total leucocyte count of
Results & Discussion
3 4 5 6 7 8
Dose concetration of lead nitrate (mg/l)
Dose Concentration (Conc. Of lead nitrate in mg/l)
Total WBC Count (x104 mm3)
Control Group
(TLC) Cyprinus carpio
concentration of Lead nitrate.
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 Effects of L
effects:-
As lead nitrate is introduced in the water in aquarium containing
fishes, the water first becomes turbid. This turbidity disappears soon and
fishes start behaving normally. The lower concentration of lead nitrate
however did not show any ob
was exposed to higher concentrations of lead nitrate, the behavio
changes in fishes included hyperactivity,
downward swimming patters etc.
This vertical and downward swimming movements of fish may be
due to the loss of equilibrium at high intoxication which makes the fish to
turn upside down. Thus swimming performance is considered one of the
measures which could serve as possible sensitive indica
toxic exposure. This kind of behavioral abnormality has been reported in
various fish species on ex
Hyperactivity loss of equilibrium and balance has also been reported by
Holcombe et al (1976)
lead treatment.
According to L
useful indicator of sub
being lower than those that affect growth. These
usually occur much earlier than mortality.
Several factors have been attributed to behavio
changes/abnormalities in fish exposed to heavy metals like Cd, Hg and Pb
(US, E.P.A. 1986) .
nervous transmission between the nervous system and various effector
Results & Discussion
ead on Behaviour of Cyprinus carpio
ivious behavioural changes but when the fish
loss of balance, vertical and
tor of sub
posure to heavy metals (Little
in brook trout (Salvalinus fontialis
ittle et al (1993) behavioural measurements may be
-lethal contamination due to concentrations even
behavio
These include nervous impairment due to blockage of
68
and other
ural
-lethal
et al ; 1993).
) in response to
ural changes
ural
sites, paralysis and depression of respiratory centre due to enzyme
dysfunction and alteration of energy pathway which
depletion (Singh and Reddy, 1990).
Results & Discussion
results in ene
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rgy
DETERMINATION OF MEDIAN LETHAL CONCENTRATION OF
HEAVY METALS (Hg, Cd AND Pb) FOR
Median lethal concentration is the statistically derived dose that is
expected to cause mortality in 50% of
under a definite set of experimental conditions after 96 hours of exposure
period. The 96-h LC
survival potential of organisms to particular toxic substances such as hea
metals. Higher LC50
are required to produce 50% mortality in organisms.
In the present study, the 96
using concentrations 'six' for Cadmium (Cd) [5.5, 6.0
mg/l] 'five' for Mercury (Hg) [3.5, 4.0, 4.5, 5.5, 6.0 mg/l] and 'six' for
Lead (Pb) [175.0, 200.0, 225.0, 250.0, 275.0 and 300.0 mg/l] (Tables 10,
11 and 12). It was found that 96
6.0 mg/l and 300 mg/l respectively.
The comparison of each heavy metal with its respective 96
showed that mercury is having the lowest 96
lead is having the highest 96
which shows that mercury is the toxic heavy metal to
lead being the least. Cadmium (Cd) stood in the middle with a 96
value of 7.5 mg/l.
Results & Discussion
CYPRINUS CARPIO:
given population of an organism
50 tests are conducted to measure the susceptiblity and
values are less toxic because greater concentrations
-h LC50 value of each heavy metal was found
, 6.5, 7.0, 7.5, 8.0
-h LC50 for Cd, Hg and Pb was 75 mg/l
-h LC50 value (6.0 mg/l) and
-h LC50 value (300.0mg/l) for
Cyprinus carpio
70
-
vy
-h LC50 value
Cyprinus carpio
and
-h LC50
Table 10. LC50
Dose
(mg/l)
24 HOUR
5.5
6.0
6.5
7.0
7.5
8.0
Results & Discussion
value of Cadmium (Cdcl2) for Cyprinus carpio.
Mortality at Duration
48 HOUR 72 HOUR
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
71
96 HOUR
Nil
Nil
Nil
25%
50%
75%
Table 11. LC50 value of Mercury (mercuric chloride) for
Dose
(mg/l)
24 HOUR
3.5
4.0
4.5
5.5
6.0
Results & Discussion
Cyprinus carpio
Mortality at Duration
48 HOUR 72 HOUR
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
72
.
96 HOUR
Nil
Nil
Nil
25%
50%
Table 12. LC50
Dose
(mg/l)
24 HOUR
175.0
200.0
225.0
250.0
275.0
300.0
Results & Discussion
value of Lead (lead nitrate) for Cyprinus carpio.
Mortality at Duration
48 HOUR 72 HOUR
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
Nil Nil Nil
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96 HOUR
Nil
Nil
Nil
12%
25%
50%
It is evident from the results that the 96
metal to metal. Gill and Pant (1985)
et al (1997) and IsIiopoulou
-h LC50 values of 0.181, 0.51 , 0.13 and 0.15 mg/l for Hg, for
conchonius,, Clarius
respectively. Sephar (1976) found 96h LC
cadmium for Jordanella floridae
Johansson-Sjobeck and Larsson (1978) and Gill and Pant (1985) found
h LC50 values of 20.0 and 12.65 mg/l cadmium for
and Pleuronects flesus
175.0 and 300.00 mg/l cadmium for
rohita respectively. However Smet and Blust (20
mortality in carp after 21
Holocombe et al (1976) found 4.1 and 3.36 mg/l total and dissolved lead
(Pb) respectively for the 96
Srivastava and Mishra (1979) recorded 19 mg/l Pb for the 96
Colisa fasciatus. However, Hodson
for the 21 day LC50 of
The susceptiblity of fish to particular heavy metal is very import
factor for LC50 values . The fish that is highly susceptible to the toxicity of
one metal may be less or non
the same concentration of that metal in milieu. Similarly the metal which
is highly toxic to one organism at low concentration may be less or non
toxic to other organism at the same or even higher concentration . Das and
Baanerjee (1980) reported 300.0 mg/l Cd for the 96
Heteropneustes fossilis
Cyprinus carpio was 7.5 mg/l for cadmium. However the same
concentration of LC
Results & Discussion
-h LC50 values of fish vary from
, Kirubagaran and Joy, (1988), Veena
- Georgudaki and Kotsanis (2001) reported 96
batrachus, Etrophus maculatus and Salmo giardnerii
50 values of 2.5 and 28.0 mg/l
and Mugil cephalus
Puntuis conchonius
respectively. Das and Banerjee (1980) reported
Hetropneustes fossils
01) observed 100%
-29 days of exposure to 20 mg/l of cadmium.
-h LC50 values of Salvalinus fontialis
et al (1978) found 2.4 mg/l lead (Pb)
Salmo gairdnerii.
-susceptible to the toxicity of another metal at
, where as in the present study the 96
50 (300.0 mg/l) was recorded for Pb. It shows that
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Barbus
respectively.
96-
and Labeo
and
-h LC50 of
ant
-
-h LC50 of
-h LC50 for
Heteropneustes fossils
susceptility to different heavy metals or two different he
different levels of toxic effects on two diffrent species.
The degree of susceptibility of
mercury (Hg) and Cadmium (Cd) and the higher concentration of lead
(Pb) may be attributed to the altere
specific metal and the level of solubility of metals. The fish exposed to
metal can compensate for the stressors. If it cannot successfully
compensate for stressor effects, an altered physiological stage may be
reached in which the organism continues to function and in extreme cases
the acclimation response may be exhausted with a subsequent effect on
fitness (Mayer et al,
the higher level of lead, but this process
early on exposure to mercury and cadmium. It is also possible that lead as
compared to mercury and cadmium is less soluble in water and because of
non-solublity, a higher concentration may be required to cause effects
resulting in higher LC
the bottom of the experimental aquaria.
Results & Discussion
and Cyprinus carpio have same degree of
avy metals have
Cyprinus carpio to lower concentration of
d physiological response of fish to the
1992). In the present study the fish compensated for
may have been exhausted very
50 values. Dense soluble clusters of lead were seen at
75
CHAPTER: 5
SUMMARY & CONCLUSION
he role of blood parameters in the assessment of the health status of
fish is emphasized by the observations of Cyriac
noted the possibility that the changes in blood will reveal conditions within
the body of fish long before any outward manifestation of diseases.
Detailed studies of the diversity of pathological changes in blood indices is
required in order to find general regulations of
system of fish caused by various pollutants especially heavy metal
pollutants released by industries, with the possibility of finding critical
point, below which irreversible changes in the blood ci
formation and immune system which lead to increased mortality of fish,
will go a long way in validating the use of haematological parameters of
useful biomarkers to measure the exposure of fish to heavy metal
pollutants in natural waters.
T
Summary & Conclusion
et al
transformation in the blood
76
(1989) who
rculation, blood
In the present study, we have confirmed that the changes in haematological
parameters indicate that they can be used as indicators of heavy metal
related stress in fish on exposure to elevated levels of water. In the present
study, exposure of
different heavy metals viz; cadmium, mercury and lead demonstrated a
toxic poisoning. All the three metals were found toxic to this fish,
however, the degree of toxicity was different for different metal. Same
concentrations of the above three metals
determining the toixicity. When same concentration of all the three heavy
metals- cadmium, mercury and lead was used individually on fish, mercury
was found to be more toxic and lead was fo
stood in the middle. It was clearly evident from various blood parameter
values of fish like TLC, TEC and haemoglobin concentration.
being more toxic among the three metals effected directly the skin of carp.
Soon after mercury intoxication, skin of carp started secreting profuse
quantity of slime which clearly indicates that there was some damage
caused to epidermis. Further increment in dose caused abnormalities like
nervousness, dullness
The comparison of each heavy metal with its respective 96
also showed the degree of toxicity of each metal. Mercury being more
toxic is having the lowest LC
having the highest LC
in degree of toxicity among the three metals with LC
In conclusion, the results of present study confirm the sublethal effect of
different heavy metals on
parameters. The decreased level of haemoglobin and total RBC count
revealed the haematoxic effect of heavy metals. The study has enhanced
Summary & Conclusion
Cyprinus carpio to various concentrations of three
was used for Cyprinus carpio
und to be least toxic. Cadmium
and circling movements in fish.
50 value (6.0 mg/l) and lead being less toxic is
50 value of 300.0 mg/l. Cadmium stood in the middle
50 value of 7.5 mg/l.
Cyprinus carpio by using a set of haematological
77
for
Mercury
-h LC50 value
knowledge of physiological value of RBC and WBC indices in common
carp (Cyprinus carpio
individual concentrations of mercury, cadmium and lead. It has also been
able to contribute to the applied and basic research needs of aquatic
toxicology. Moreover, the parameters used in the study could also be
effectively used as potential biomarkers of heavy metal toxicity to the
freshwater fish in the field of env
Summary & Conclusion
) in captivity (aquaria) when exposed to different
ironmental biomonitoring.
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